A cosmological first order electroweak phase transition could explain the origin of the matterantimatter asymmetry in the Universe. Such a phase transition does not occur in the Standard Model, while it becomes possible with the existence of a second Higgs doublet in Nature. We obtain the properties of the new scalars H0, A0 and H ± that lead to such a phase transition, showing that its characteristic signature at LHC would be the observation of the decay A0 → H0Z. We analyze the LHC search prospects for this decay in the ℓℓbb and ℓℓW + W − final states, showing that either one is promising at the early stages of the 14 TeV run.
I. INTRODUCTION
A key goal of the Large Hadron Collider (LHC) physics programme is to reveal the properties of the electroweak symmetry breaking (EWSB) sector in Nature. The ATLAS and CMS data from the 7 and 8 TeV runs of LHC show that the properties of the newly discovered Higgs particle are compatible with those expected for the Standard Model (SM) Higgs boson h. Yet, it still needs to be determined whether the scalar sector consists of one SU (2) L doublet or has a richer structure, with additional states.
A particularly appealing feature of extensions of the SM scalar sector, like Two-Higgs-Doublet-Models (2HDMs), is that they could successfully explain the generation of the cosmic matter-antimatter asymmetry via Electroweak Baryogenesis [1] . A key requirement in this context is that the Electroweak Phase Transition (EWPT) in the early Universe be strongly first order, which for the SM with a m h = 125 GeV Higgs is not the case [2] .
Here we review the results of [3] , showing that the characteristic signature of a strongly first order EWPT in 2HDMs is the decay A 0 → ZH 0 , and analyzing its promising search prospects at the 14 TeV run of LHC in the ℓℓ bb and ℓℓ W + W − → ℓℓℓℓνν final states. This signature could then provide a connection between the generation of the cosmic matter-antimatter asymmetry in the Early Universe and searches for new physics at LHC.
II. TWO HIGGS DOUBLETS AND THE ELECTROWEAK PHASE TRANSITION
The scalar sector of a 2HDM contains two scalar doublets Φ 1,2 . In the following we assume for simplicity no Charge-Parity (CP) violation in the scalar sector. Then, apart from the recently observed (CP-even) Higgs boson h, the 2HDM physical spectrum contains a charged scalar H ± , a CP-even scalar H 0 , and a CP-odd scalar A 0 . After fixing the electroweak (EW) vacuum expectation value (vev) v = 246 GeV and the Higgs mass m h = 125 GeV, the remaining parameters in the scalar potential are: the masses m H0 , m A0 , m H ± , two angles β and α and a dimensionful parameter µ. Here the angle α is defined such that when α = β, the state H 0 decouples from gauge bosons, and h has SM-like properties, known as the alignment limit (see [4, 5] for a review of 2HDMs, and [6] for details on the definition of parameters and the conventions chosen).
In order to study the strength of the EWPT in 2HDMs, a scan over the new physics parameters m H0 , m A0 , m H ± , tan β, α − β and µ is performed. The Yukawa type of 2HDM considered is irrelevant for the EWPT (all Types couple in the same way to the top quark), while experimental constraints do differ between Types. We choose a Type I 2HDM, which is less constrained than a Type II, and thus provides a better gauging of the impact of a first order EWPT on the 2HDM parameter space. The scan is interfaced to 2HDMC [7] and HiggsBounds [8] to select points in parameter space that satisfy stability, unitarity, perturbativity, EW precision constraints and collider bounds. Flavour constraints (coming mainly from b → sγ for Type I 2HDM [9] ) and constraints from measured Higgs signal strengths on tan β and α − β (see e.g. [10] ) are also included.
Point in our scan satisfying the above constraints are called physical points. For them, the strength of the EWPT is computed via the thermal 1-loop effective potential (see [6] for details). In Figure 1 we show heatmaps of physical points (left ) and points with a strongly first order EWPT (right ) in the planes (m H0 , α − β) and (m H0 , m A0 ). Altogether, a strong EWPT as needed for Electroweak Baryogenesis strongly favours a rather heavy CP-odd scalar A 0 (m A0 > 300 GeV), together with a large mass splitting m A0 − m H0 > ∼ v, as shown in Figure 1 (bottom). It also favours the light Higgs h to have SM-like properties, i.e. small α − β and moderate tan β [3, 6] , the range of α − β leading to a strong EWPT shrinking as the CP-even state H 0 becomes heavier. 
III. THE DECAY A0 → Z H0
The results of the previous section point towards the A 0 → ZH 0 decay channel (see also [12] ) as a characteristic signature of 2HDMs with a strong EWPT, to be searched for at the upcoming 14 TeV run of the LHC. This decay is strongly favoured both by the large phase space available and by the c α−β dependence of the coupling g A0ZH0 , unsuppressed in the alignment limit. This is in contrast with the decay A 0 → Zh, which vanishes in that limit (since g A0Zh ∼ s α−β ), and is therefore suppressed in this scenario (see Figure 2) . The competing decay channels would then be A 0 → tt and possibly A 0 → W ± H ∓ . The former is subdominant for m A0 − m H0 > ∼ v (Figure 2 ). The presence of the latter depends on the splitting m A0 − m H ± . EW precision observables require H ± to be close in mass to either H 0 or A 0 [11] , which makes A 0 → W ± H ∓ either kinematically forbidden or similar to A 0 → ZH 0 , and here we assume for simplicity m H ± ∼ m A0 .
In the following we analyze two prototypical scenarios which feature µ = 100 GeV, tanβ = 2 and m A0 = m H ± = 400 GeV, and with (α − β) = 0.001 π (Benchmark A) and (α − β) = 0.1 π (Benchmark B), as shown in Figure 2 . These two benchmarks characterize the two dominant alternatives for the subsequent decay of H 0 : H 0 → bb dominates very close to the alignment limit, while away from it H 0 → W + W − (and to a lesser extent H 0 → ZZ) is the dominant decay mode. This discussion highlights the fact that for 2HDMs with a strongly first order EWPT, the corresponding "smoking gun" signature at LHC will either be pp → A 0 → ZH 0 → ℓℓbb or pp → A 0 → ZH 0 → ℓℓW + W − , depending on how close the 2HDM is to the alignment limit.
IV. LHC SEARCH FOR A0 IN ℓℓ bb AND ℓℓ W
We now analyze the search prospects in the ℓℓbb and ℓℓW + W − channels at the 14 TeV run of the LHC using the defined benchmarks A and B from section III and considering in both cases a mass for the CP even scalar m H0 = 180 GeV.
Concentrating first on Benchmark A, which corresponds to the ℓℓbb final state, the two main SM backgrounds are: (i) Zbb production (with Z → ℓℓ), (ii) QCD tt production (with tt → bW +b W − → bℓ + ν ℓb ℓ −ν ℓ ), while the rest of potential backgrounds (e.g. ZZ production and associated production of a Higgs h and a Z boson) are found to be practically negligible [3] . Regarding our analysis, we implement the Type-I 2HDM in FeynRules [13] and use MadGraph5 aMC@NLO [14] to generate both signal and background analysis samples, which are then passed on to Pythia [15] and Delphes [16] for parton showering, hadronization and a detector simulation. For event selection we require the presence of two isolated same flavour (SF) leptons in the final state with P ℓ1 T > 40, P ℓ2 T > 20 and |η ℓ | < 2.5 (2.7) for electrons (muons), together with two b-tagged jets in the event with P b1 T > 40, P b2 T > 20 and |η b | < 2.5 (see [3] for details), and the subsequent cut-flow analysis is presented in Table I Table I show that a discovery value S/ √ S + B = 5 may be obtained already with L ∼ 15 − 20 fb −1 in the limit that only statistical uncertainties are important. Allowing a departure from the alignment limit (our Benchmark B) the decay channel
′ ℓ ′ provides the best discovery prospects (H 0 → ZZ, leading to a final state ZZZ → ℓℓℓ ′ ℓ ′ jj has been considered in [12] ). The main background is diboson (ZZ) production with ZZ → ℓℓℓ ′ ℓ ′ (other backgrounds like Ztt, ZW W and Zh are very small even before cuts). For event selection, we require the presence of four isolated leptons in the final state with P 
(ℓ ′ ℓ ′ are the two SF leptons most closely reconstructing m Z ), a signal region of m 4ℓ T > 260 GeV (see Figure  3 , Right) allows to extract a clean signal [3] . Our final signal cross section is 1.41 fb, which compared to a background of 1.7 fb reaches a significance of 5 with L ∼ 60 fb −1 .
Altogether, this analysis highlights that the decay A 0 → ZH 0 , being a 'smoking gun' signature of 2HDM scenarios with a strongly first order EWPT, can be probed at the 14 TeV run of LHC in either of the two dominant final states, thus providing a powerful probe of the EWPT and EW Cosmology at the LHC.
